Objective: The aim of this longitudinal study is to examine the relationship between weight loss from maximum body weight, body mass index (BMI), and mortality in a nationally representative sample of men and women. Design: Longitudinal cohort study. Subjects: In all, 6117 whites, blacks, and Mexican-Americans 50 years and over at baseline who survived at least 3 years of follow-up, from the Third National Health and Nutrition Examination Survey Linked Mortality Files (1988)(1989)(1990)(1991)(1992)(1993)(1994) with passive mortality follow-up through 2000), were included. Measurements: Measured body weight and self-reported maximum body weight obtained at baseline. Weight loss (maximum body weight minus baseline weight) was categorized as o5%, 5-o15%, and X15%. Maximum BMI (reported maximum weight (kg)/measured baseline height (m) 2 ) was categorized as healthy weight (18.5-24.9), overweight (25.0-29.9), and obese (X30.0). Results: In all, 1602 deaths were identified. After adjusting for age, race, smoking, health status, and preexisting illness, overweight men with weight loss of 15% or more, overweight women with weight loss of 5-o15%, and women in all BMI categories with weight loss of 15% or more were at increased risk of death from all causes compared with those in the same BMI category who lost o5%; hazard ratios ranged from 1.46 to 2.70. Weight loss of 5-o15% reduced risk of death from cardiovascular diseases among obese men. Conclusions: Weight loss of 15% or more from maximum body weight is associated with increased risk of death from all causes among overweight men and among women regardless of maximum BMI.
Introduction
One of the puzzles of obesity research is that numerous observational studies of the relationship between weight loss and mortality, including some based on large nationally representative samples, have found that the risk of dying increases, rather than decreases, with increasing weight loss. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] This finding appears paradoxical given that obesity is associated with excess all-cause mortality (largely because of increased death rates for cardiovascular disease, cancer, and diabetes) and that the intentional loss of excess weight typically results in improved risk factor profiles for disorders associated with obesity including cardiovascular disease and diabetes. [11] [12] [13] [14] Many of the observational studies have not distinguished between intentional and unintentional weight loss, a limitation that may have resulted in underestimation of the protective effect of weight loss because unintentional weight loss is often associated with unrecognized disease or health problems or with more severe disease. However, even studies that have focused on intent of weight loss have not produced consistent results. [15] [16] [17] [18] [19] [20] Other criticisms of observational studies of weight loss include the failure of some to control for important confounding variables such as cigarette smoking, alcohol consumption, health status, and preexisting illness and disease, the inability to distinguish between loss of lean body mass and loss of adipose body mass, measurement of body weight at only one or two points in time, and lack of information about study participants' lifetime weight change trajectories. A number of clinical trials are underway, but it appears that even these have significant limitations. [21] [22] [23] Two recent papers carefully examine the evidence for and against the assertion that 'weight loss causes increased mortality' and discuss possible biologic pathways as well as gaps in our knowledge of the causal pathways through which obesity operates. 21, 24 Despite their shortcomings, observational studies continue to be an important tool for monitoring the association between weight loss and mortality in the general population. Given that the prevalence of overweight and obesity is increasing in the United States, that dieting (even among those who are not overweight) is common, and that the risk factor profiles of overweight and obese persons appear to be changing, examination of the associations between weight loss and mortality in recent population samples is desirable. 25 The goal of this study is to contribute to this effort by examining the relationships among weight loss, body mass index (BMI), and mortality in the Third National Health and Nutrition Examination Survey (NHANES III) Linked Mortality File, which has a baseline period of 1988-1994 and mortality follow-up through 2000, a time period coincident with the recent increases in obesity in the United States.
Methods

Subjects and data collection
The NHANES III is an extensive interview and examination study of a representative sample of noninstitutionalized Americans aged 2 months and older that was conducted from 1988-1994. The study was approved by the appropriate institutional review authorities. Details of the survey methods have been described elsewhere. 26 The National
Center for Health Statistics has linked eligible NHANES III respondents aged 17 years and over at their interview to the National Death Index to obtain mortality information (derived from death certificates) for respondents who died in the United States during 1988-2000. Length of follow-up for survivors ranges from 6 to 12 years. This analysis uses the restricted-use NHANES III Linked Mortality File. 27 The analyses were restricted to the 7327 non-Hispanic white, non-Hispanic black, and Mexican-American men and women who were 50 years and older at the NHANES III interview. Persons of other race-ethnicity groups were omitted because of the small number of respondents. Four respondents lacked some information needed for linkage and thus were ineligible for mortality follow-up. Excluded from all analyses were 252 respondents with missing values on the maximum weight, baseline weight, or height variables, six respondents whose maximum BMI was o18.5, and 192 respondents with missing values on baseline covariates. Respondents whose measured baseline weight was greater than their reported maximum weight by 10% or more (n ¼ 49) were also excluded. As weight loss could be the result of a serious illness that may not have been diagnosed, an additional 707 respondents who died within 3 years of their baseline exam were excluded. The final analytic sample included 6117 (2888 men and 3229 women).
Measured body weight was obtained at the NHANES III baseline examination (1988) (1989) (1990) (1991) (1992) (1993) (1994) . Self-report of maximum body weight was determined at baseline by asking participants 'Up to the present time, what is the most you have ever weighed? (FEMALES): Do not include any times when you were pregnant.' For respondents reporting a maximum weight less than their measured baseline weight, the measured baseline weight was considered their maximum weight. Percent weight loss was calculated as ((maximum weightÀbaseline weight)/maximum weight) Â 100 and categorized as o5%, 5-o15%, and X15%. Maximum BMI was calculated as reported maximum weight (kg)/measured baseline height (m) 2 and categorized as healthy weight (18.5-24.9) , overweight (25.0-29.9), and obese (X30.0).
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The coverage period for mortality data collection was from the date of the NHANES III examination through 31 December 2000. There were 1602 deaths (835 men and 767 women). Cardiovascular disease deaths include deaths with ICD-9 codes 390-459 and ICD-10 codes I00-I99. Noncardiovascular disease deaths include all other deaths.
Information on baseline age, race-ethnicity, cigarette smoking status, respondent-assessed health status, and history of chronic conditions was obtained at the NHANES III interview. Respondent-assessed health status was based on the question, 'Would you say your health in general is excellent, very good, good, fair, or poor?' Presence of preexisting health conditions related to excess weight (heart disease, stroke, diabetes, or hypertension) was based on self-report of a doctors' diagnosis of the condition, any mention of recent blood pressure medication use, or elevated blood pressure measurement at the baseline exam (systolic X140 mm Hg or diastolic X90 mm Hg). Presence of preexisting health conditions related to weight loss (cancer, chronic bronchitis, or emphysema) was based on self-report of a doctor's diagnosis of these conditions.
Statistical methods
All analyses were carried out using Survey Data Analysis (SUDAAN), version 10.0. 0 (RTI International, Research Triangle Park, NC, USA) so that the sample weights and complex survey design could be incorporated. 29 Differences in risk factor means or percentages among persons in the three BMI categories and the three weight loss categories were tested using the CROSSTABS and DESCRIPT procedures.
Estimates of the hazard ratio of dying associated with percentage of weight lost were derived from Cox proportional hazards regression models with age as the time scale and left truncation on age at interview using the SURVIVAL procedure. Separate models were run for the six gendermaximum BMI (healthy weight, overweight, obese) strata. Although there was no statistically significant interaction Persons with little or no weight loss (o5%) served as the reference category. All models were adjusted for age at interview in single years and race-ethnicity (white, black, Mexican-American). Risk-adjusted models also included cigarette smoking status (current, former, and never), respondent-assessed health status (excellent, very good, or good; fair or poor), and history of health conditions related to excess weight and/or to weight loss. Three dummy variables were included in the models to adjust for preexisting health conditions: one variable for a history only of heart disease, stroke, hypertension, or diabetes, one variable for a history only of cancer, chronic bronchitis, or emphysema, and one variable for a history of conditions from both groups. To control for weight loss that may have resulted from serious illness not diagnosed at baseline, risk estimates were derived after excluding respondents who died within 3 years of the baseline examination. As exclusion of respondents who died within 3 years of baseline may not have adequately controlled for risk of death because of preexisting illness, the analyses of all-cause mortality risks were repeated after excluding persons in fair or poor health and after excluding persons with preexisting conditions (except hypertension). As the smoking status covariates included in the model may not have adequately adjusted for confounding, the analyses for women were repeated after excluding current and former smokers and those for men were repeated after excluding current smokers (small numbers did not allow exclusion of former smokers for men). Cause-specific hazard ratio estimates (cardiovascular and noncardiovascular) were not obtained for healthy weight persons because of small numbers of deaths. Tests of significance of trends across the three weight loss categories were conducted by treating the three weight loss levels as ordered categories. Physical activity and alcohol consumption were included as covariates in initial models but omitted from final models because they were not statistically significant and their omission did not affect the estimates of relative risk. The validity of the proportional hazards assumption was confirmed using both graphical and time-dependent covariate approaches.
Results
Baseline characteristics of the men and women in the analytic cohort are shown in Table 1 and their mean weight, History of health conditions related to weight loss include cancer, chronic bronchitis, and emphysema. Weight loss is self-reported maximum weight minus measured weight at baseline as a percentage of maximum weight. Healthy weight is maximum BMI of 18.5-24.9. Overweight is maximum BMI of 25.0-29.9. Obese is maximum BMI of 30.0 or higher.
Weight loss and mortality DD Ingram and ME Mussolino BMI, and weight loss are shown in Table 2 according to maximum BMI and percentage of weight lost. Regardless of BMI category, compared to persons with o5% weight loss, those with X15% weight loss were more likely to be older and current smokers, to report poorer health status, and to have lower baseline BMI and weight. The baseline characteristics of persons with a weight loss of 5-o15% are similar to those of persons with a weight loss of o5%, except that those with a weight loss of 5-o15% have lower baseline BMI and weight than those with a weight loss of o5%. About 59% of men and women in the analytic cohort had lost 5% or more of their maximum weight at the baseline examination.
The hazard ratios of death from all causes, cardiovascular diseases, and noncardiovascular diseases associated with weight loss by level of maximum BMI among men and women are shown in Tables 3 and 4 . For both men and women, risk of death generally was attenuated when models included the risk factors and preexisting illness indicator variables. Healthy weight men who lose 5% or more of their maximum weight do not have a statistically significantly elevated risk of dying compared with men who lose o5% of their maximum weight. Overweight men who lose 15% or more of their maximum weight have a statistically significantly increased risk of death from all causes; this results from a significantly increased risk of noncardiovascular disease death and an elevated risk of cardiovascular disease death. Obese men who lost 15% or more of their maximum weight have a statistically significantly elevated hazard ratio of dying from noncardiovascular disease. Obese men with a weight loss of 5-o15% have a statistically significantly reduced risk of dying from cardiovascular disease. Among women, those who Model adjusted for baseline age, race-ethnicity, smoking status, respondentassessed health status, and preexisting health conditions (history of heart disease, stroke hypertension, diabetes, cancer, chronic bronchitis, or emphysema) using Cox proportional hazards models. Weight loss and mortality DD Ingram and ME Mussolino were overweight and had a weight loss of 5-o15% have a statistically significantly elevated risk of death from all causes, which results from a significantly increased risk of cardiovascular disease death. Regardless of BMI category, women with weight loss of 15% or more have a statistically significantly increased risk of death from all causes. Obese women with a weight loss of 15% or more have a statistically significantly increased risk of death from both cardiovascular diseases and from noncardiovascular diseases; overweight women with weight loss of 15% or more have elevated risks of cardiovascular and noncardiovascular disease death that are not statistically significant.
The hazard ratio estimates for all-cause mortality obtained from the various subanalyses generally were consistent with those obtained from the primary analyses presented in Tables 3 and 4 (data not shown). The all-cause mortality hazard ratio estimates (and their significance levels) for men who were former or never smokers, for men who reported being in excellent, very good, or good health, and for men with no chronic conditions (except hypertension) generally were consistent with those shown in Table 3 for all men; however, the hazard ratios for overweight men with weight loss of 15% or more who were in excellent, very good, or good health or had no chronic conditions were not statistically significantly elevated, whereas the hazard ratio for obese men with weight loss of 15% or more who were in excellent, very good, or good health was statistically significantly elevated. The all-cause mortality hazard ratio estimates for healthy weight and obese women who never smoked, or who reported being in excellent, very good, or good health, or who had no chronic conditions (except hypertension) were similar or higher than those shown in Table 3 for all women; and as for all women, the risks for these subgroups of healthy weight and obese women who lost 15% or more of their maximum weight were statistically significantly elevated. However, though the hazard ratios for overweight women who never smoked or who had no chronic diseases (except hypertension) were similar to those observed for all women, those for overweight women in excellent, very good or good health were attenuated and not significantly elevated. Models of linear trend provide evidence of a dose-response relationship between weight loss and all-cause mortality for men and women whose maximum BMI was 25.0 or higher.
Discussion
In this multi-ethnic national cohort of men and women, weight loss of 15% or more was associated with an increased risk of death from all causes among overweight men and among women regardless of maximum BMI. Weight loss of 15% or more also was associated with an increased risk of death from noncardiovascular diseases among overweight and obese men and from both cardiovascular and noncardiovascular diseases among obese women. Moderate weight loss (5-o15%) was associated with increased risk of death from all causes and from cardiovascular diseases among overweight women. Moderate weight loss reduced risk of death from cardiovascular diseases among obese men. Results from subanalyses of never or former smokers, respondents in excellent, very good, or good health, and respondents with no chronic conditions generally were consistent with those obtained from the primary analyses.
Our finding of increased mortality among respondents with extreme weight loss is consistent with the results of Model adjusted for baseline age, race-ethnicity, smoking status, respondent-assessed health status, and preexisting health conditions (history of heart disease, stroke, hypertension, diabetes, cancer, chronic bronchitis, or emphysema) using Cox proportional hazards models. Weight loss and mortality DD Ingram and ME Mussolino other observational studies. Of particular interest is the comparison of the results of this study with the results from previous studies using the NHEFS because both are large national samples and because the NHEFS baseline period of 1971-1975 and its follow-up through 1987 precedes the recent 'obesity epidemic', whereas the baseline period of the NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and its follow-up period through 2000 overlaps it. 1, 4 Not surprisingly, the prevalence of overweight and obesity in the NHANES III sample is higher than in the NHEFS sample; however, the percentage that have lost 15% or more of their maximum body weight is lower. The hazard ratios reported from NHEFS tend to be somewhat higher than corresponding risks from our NHANES III study and more of them were statistically significant. Both our study and the NHEFS study found increased risks of death from all causes to be associated with weight losses of 15% or more among overweight men and among women in all three BMI categories and with weight losses of 5-o15% among overweight women. Our study and the NHEFS study also reported increased risk of death from cardiovascular disease for overweight women with weight losses of 5-o15% and obese women with weight losses of 15% or more and increased risks of death from noncardiovascular disease for overweight men with weight losses of 15% or more. Both studies also reported a significantly reduced risk of death from cardiovascular disease among obese men who lost 5-o15% of their maximum weight. It should be noted that the NHEFS may have greater power to detect elevated or reduced risk of death than NHANES III because the NHEFS has a longer follow-up period and hence, more deaths. The reasons for the associations between weight loss and mortality reported from numerous observational studies are not well understood because of gaps in our knowledge of the causal pathways through which obesity operates. Arguments for and against the validity of the observed associations have been made. 18, 21 The possibility exists that the associations reported from observational studies may be due, at least in part, to bias resulting from various limitations inherent in the observational studies. In this study, a limitation is that maximum weight was reported, not measured and though self-reported past weight is strongly correlated with past measured weight, recall of maximum weight has not been validated. 30 Thus, maximum weight may be subject to recall bias, digit preference, and other sources of bias and error. Further, some women may have reported their pregnancy weight as their maximum weight. Additionally, no information was available about the age at which the maximum weight occurred or about how long the maximum weight was sustained. No information was available about whether weight loss was intentional or unintentional, how weight was lost, whether weight loss was due to loss of adipose or lean body mass, or about fluctuations in weight before and after the baseline examination. No information was available about weight gain so respondents who gained weight before baseline are included in the reference groups (as their maximum body weight is equal to their baseline weight). As some studies have found weight gain to be associated with increased mortality risk, the inclusion in the reference groups of respondents who gained weight may have biased the results toward the null. 8, 10 As height decreases with age, some misclassification of maximum BMI may have occurred because of the use of baseline height in the calculation of maximum BMI. Although we were unable to distinguish between unintentional and intentional weight loss in our analyses, we attempted to control for unintentional weight loss by excluding respondents who died within 3 years of follow-up and by including indicator variables in the models for preexisting health conditions associated with weight loss and weight gain and for health status. These measures may not fully control for the effect of occult illness on mortality, though subanalyses that examined risks among never and former smokers, respondents in excellent, very good, or good health, and in respondents with no chronic diseases produced hazard ratios that generally were similar to those obtained from the main analyses for all respondents. We were unable to control for moderation of the association between weight loss and mortality because of intentional weight loss. Some types of intentional weight loss may be harmful; some types (such as weight loss because of improved physical fitness) may be beneficial. This study included only middle-aged and elderly adults; results may have differed if younger adults also had been included because bodyweight tends to decline in old age and because the likelihood that weight loss is unintentional increases with age and unintentional weight loss is associated with adverse traits. 31, 32 Further limitations of this study include possible selection bias arising from missing data on baseline risk variables or other exclusions and measurement error, though this should be minimal given the standardized nature of the NHANES III examination. The health effects of weight loss continue to be an important area of public health research given that the prevalence of overweight and obesity is increasing in the United States, that dieting is a common practice, and that physicians generally recommend weight loss for overweight persons who have associated medical conditions and for obese persons. Despite their limitations, observational studies have an important function in the continuing efforts to understand the associations between weight loss, BMI, and mortality. Updating earlier observational studies using more recent data bases is important because of the changing prevalence of the condition and apparent changes in the risk profiles for cardiovascular disease of the overweight and obese populations. The study reported here has the advantage of being based on a nationally representative sample that included a large number of deaths and of having a baseline period of 1988-1994 and mortality follow-up through 2000, a time period coincident with a portion of the ongoing obesity epidemic. The association between weight loss and subsequent mortality, after adjustment for various risk factors and after taking multiple steps to control for Weight loss and mortality DD Ingram and ME Mussolino possible confounding because of preexisting illness, has now been reported across multiple time periods.
